Familial clustering of chronic carriers of hepatitis B surface antigen (HBsAg) has frequently been reported in different populations with high or low incidence of the antigen (Blumberg et al., 1966; Carbonara et al., 1970; Ceppellini et al., 1970; Szmuness et al., 1973 Szmuness et al., , 1975 Reeves et al., 1975) , but the significance of the concentration is not clear. Blumberg et al. (1966 Blumberg et al. ( , 1969 proposed that this clustering of the HBsAg carriers was due to autosomal recessive inheritance of susceptibility to the carrier state, a mode of inheritance also proposed independently by Ceppellini et al. (1970) (see also Carbonara et al., 1970) . The formal tests of these investigators for agreement of the data with the ratios characteristic of recessive inheritance implicitly assumed that all subjects in the populations studied had been exposed to the hepatitis B virus at an early age, either by vertical transmission or through postnatal contacts, so that they could be expected to express this genotype. If one accepts this assumption, then the most critical of all mating types to a test of the hypothesis is a marriage of two HBsAg carriers, which should yield only affected offspring. This mating is especially critical if the results of other types of matings are consistent with the hypothesis, and also suggests that the assumption concerning exposure is fulfilled. There were no such marriages in the material reported by Blumberg et al. (1966, IThe financial support of the US National Science Foundation and the US Atomic Energy Commission (now Department of Energy) is gratefully acknowledged. Received for publication 22 July 1978 1969), and only one such marriage in the material of Ceppellini et al. (1970) . Petrakis (1972) drew attention to the fact that in the one family characterised by two HBsAg carrier parents in this latter material, only 2 of 7 children were positive. Vyas (1974) reported a marriage of Chinese carrier parents in which none of the 3 children was a carrier, and one, in fact, had specific anti-HBsAg antibodies, with a titre of 256 in haemagglutination assay. More recently, Stevens and Beasley (1976) showed that in a Taiwanese sample, only 30 of 47 children were HBsAg positive (63 8 %) when both parents were positive, but when the mother was positive and the father anti-HBsAg positive, 57 of 100 children, a similar proportion were positive. Since, in the latter case the father is either heterozygous or homozygous for the normal (dominant) allele, neither of these outcomes corresponds to expectation of recessive inheritance. These and other findings, to be mentioned later, have led a number of people to serious reservations concerning the hypothesis of recessive inheritance (Lederberg, 1972; Petrakis, 1972; Vyas, 1974; Stevens and Beasley, 1976) .
In a previous paper (Soyano et al., 1976) (Layrisse and Wilbert, 1966; Chagnon, 1968; Neel et al., 1977) Prince (1968) . The origin and specificity of the anti-HBsAg serum used has been described previously (Soyano et al., 1976) . Radioimmunoassay (RIA, Ausria IT-125, Abbott Laboratories, North Chicago, Illinois) was also performed on samples from 80 families.
Results
Since our first report on the frequency of HBsAg among the Yanomama (Soyano et al., 1976) , 456 new individuals have been tested by RIA. These results are summarised in Table 1 . The overall frequency of HBsAg positive individuals in this new series was 6' 8 %, and again it varied within villages from 0 to 28 * 6 %. Taken together both series show an overall frequency of 7 2% (117 HBsAg positive cases in 1625 individuals tested). Frequency in males (10-1 %) was higher than in females (5' 7 %). This difference is statistically significant (0-05 >P>0 02). Within this material 132 nuclear families can be identified. The circumstance of having at hand typings of each individual for 10 to 14 blood group systems which showed polymorphism in this tribe allowed us to identify the majority of extramarital children and remove them from the series.
Available for genetic analysis were 132 families with a total of 518 members and an average of 2 07 sibs per family. All of them were studied by ID, while only 80 families were studied by RIA. Despite the relatively high frequency of HBsAg carriers in this population, only 23 of the ID-tested and 20 of the RIA-tested families had at least one HBsAg positive child (Table 2) . There were two possible carrier x carrier matings (no 59 and 123). In both cases, the parents were positive by RIA but negative A. Soyano, Z. Layrisse, M. Layrisse, and J. V. Neel Smith (1956) and Li and Mantel (1968) , as was done by Blumberg et al. (1966 Blumberg et al. ( , 1969 in the original studies. Tables 3 and 4 present the results of the analysis by the method of Smith (1956) , Table 3 t, total no of children who are the issue of HBsAg negative x HBsAg negative matings. j, no of children who are the only recessive offspring in each family. r, no of recessive children. r-j P t-j taken into account. For an 'ideal' recessive trait, the proportion of recessive children would be 0-25. For the ID results, the estimation of the proportion of HBsAg positive children was 0 20, a good fit. For the RIA results its value was 0 24, an excellent fit.
As noted earlier, the proportion of HBsAg individuals per village varied from 0 to 31 00. Such wide differences between the villages of a single tribe might at first appear incompatible with the hypothesis of simple recessive inheritance. However, we have documented extensive genetic microdifferentiation within these Yanomama villages (Gershowitz et al., 1972; Layrisse et al., 1973) , so that such wide variations in the frequency of what, by hypothesis, would have to be a relatively common recessive gene are conceivable. On the other hand, the very magnitude of this variation precludes any attempt at an analysis based on obtaining a postulated gene frequency from the square root of the phenotype frequency in the entire tribe, and, unfortunately, the village samples are too small to justify this procedure. Incidentally, one line of evidence for the genetic nature of the susceptibility to becoming a carrier developed by Blumberg et al. (1966 Blumberg et al. ( , 1969 (Soyano et al., 1976) . We cannot 'explain' A. Soyano, Z. Layrisse, M. Layrisse, and J. V. Neel the results of the carrier x carrier matings by nonpenetrance, but then accept the complete penetrance implied by the agreement with the hypothesis in other types of matings.
The formation of anti-HBsAg antibodies should be incompatible with the genetic predisposition to becoming a carrier of HBsAg. The most critical evidence on the genetic hypothesis would be of the type produced by Vyas (1974) quoted earlier. However, as noted above, only 3 of 938 Yanomama tested exhibited significant titres of anti-HBsAg antibody (Soyano et al., 1976) , and none of these 3 was a child of the 2 carrier x carrier matings. Such a low frequency of anti-HBsAg antibody scarcely seems compatible with the assumption ofuniversal exposure to the hepatitis B virus among the Yanomama, and yet, as noted above, certain genetic ratios would demand that such exposure had occurred and all susceptible children manifested the genotype.
In our opinion, the weight of the evidence is clearly against a simple recessive hypothesis, though some type of genetic predisposition to develop the carrier state cannot be excluded. The family clustering undoubtedly, to some extent, depends on the vertical transmission of hepatitis B virus (Stevens and Beasley, 1976 ) and spread of virus through close personal contact. The critical studies of the future should include tests for anti-HBsAg antibody, together with tests for HBsAg. In the meantime, we seem to have the latest example of the 'simulation of Mendelism', a well-known pitfall for genetic investigation (cf, Edwards, 1960) .
